We have studied changes in cadmium concentration during the cooking of rice (Oryza sativa japonica) to estimate actual intake. Samples included highly contaminated rice. Cooking involved washing and soaking rice, then cooking it in an electric ricecooker. Cadmium concentration was determined using ICP-MS. Inorganic element concentrations of P, K, Mg, Ca, Mn, Zn, Fe, and Cu were mainly decreased by washing step. Cadmium concentration was only slightly decreased by cooking and less so than other inorganic elements. In cooking of polished rice, cadmium concentration in cooked rice was about 95% of that in raw rice on a dry basis.
Essential element contents in food are generally decreased by processing and cooking. Changes in toxic elements during processing and cooking must also be determined to estimate intake from agricultural products. Reports on cooking loss of toxic elements such as cadmium are scarce due to the low content and difficulty in analyzing. About 40% of cadmium intake originates in rice for the general Japanese population (Watanabe et al., 2000) . According to the Ministry of Agriculture, Forestry and Fisheries of Japan (MAFF), Japanese people receive about 50% of cadmium from rice and its products (MAFF, 2002) .
Rice polishing is known to change element content. In addition to this, we must determine the change introduced by cooking. In Japan, rice is usually washed before cooking. We studied changes in cadmium content in japonica rice during typical preparation involving washing, soaking and cooking.
We compared the cadmium concentration of raw and cooked rice on a dry basis and as a ratio to estimate the cadmium intake from raw rice. Cadmium in rice samples was determined by inductively coupled plasma mass spectrometry (ICP-MS). Main inorganic element concentration was determined by ICP atomic emission spectrometry (ICP-AES) to compare changes in cadmium concentration.
Materials and Methods
Samples Five Oryza sativa japonica rice samples used to determine changes in cadmium concentration during cooking included highly contaminated brown rice (sample No. 5), rice half-polished from sample No. 5 (95-96% yield), and rice polished from all 5 samples (90-91% yield). Polished rice was prepared using a rice testing whitener (MC-90A, Toyo Rice Cleaning Machine Co., Ltd., Wakayama) with polishing of 300 g/run. Cadmium and inorganic element concentration after washing and after cooking (i.e., soaking and cooking in an electric ricecooker) were compared using polished "Chiyonishiki" rice. Changes in cadmium and inorganic element concentration by washing time and soaking duration were studied using brown, half-polished, and polished rice from sample No. 5. Differences in cadmium and inorganic element concentration among rice varieties after the standard procedure below were studied using polished "Haenuki," "Akitakomachi," "Chiyonishiki," "Koshihikari," and Sample No. 5 rice. Samples prepared under each condition were conducted independently with three repetitions.
Standard procedure for rice washing, soaking, and cooking Ion-exchanged water (SuperQ, Millipore Corp. Bedford, MA) was used to prepare all samples. A 500 g sample of rice was washed by mixing with 2 l of water in a rice washer (EM-374, Hayakawa Elec. Corp. Osaka) for 1 min, then drained in a sieve for 1 min. This washing was then repeated once more. Water was added at 1.4 times to rice by weight, and the washed rice was soaked in the water for 1 h at room temperature (20-24˚C). Soaked rice was heated in an electric ricecooker (RZ-1547, Hitachi Corp., Tokyo) using the same soaking water and steamed for 20 min after automatic shut-off. Cooked rice was sampled after mixing with a spoon.
Differences in washing time A 500 g of sample No. 5 brown, half-polished and polished rice was washed 5 times. About 20 g was sampled after each washing, which was done 1-5 times. Water was drained from each sample placed in a small mesh container and centrifuged for 1 min at 1500 rpm.
Differences in soaking duration About 20 g of twicewashed sample No. 5 brown, half-polished, and polished rice was placed in a small mesh container and soaked in 100 ml of water for 1 h or 8 h. Water was drained by centrifuging for 1 min at 1500 rpm.
Measurement of cadmium and other inorganic elements The sample solution and element measurement were conducted as reported elsewhere (Yasui & Shindoh, 2000) . Rice samples were decomposed with nitric acid and perchloric acid in a borosilicate glass conical beaker and hotplate heating. After acids were evaporated, decomposition residue was dissolved in 1% hydrochloric acid. Cadmium was measured by high-resolution ICP-MS (JMS-PLASMAX2, JEOL, Tokyo). Other inorganic elements-P, K, Mg, Ca, Zn, Mn, Fe, and Cu-were measured by ICP-AES (JICP-PS3000UV, Leeman Labs. Inc., Lowell, MA). The sample solution and measurements were prepared for triplicate analysis.
Moisture content Grain samples of raw, washed, and soaked rice were measured by drying at 135˚C for 20 h under atmospheric pressure. Cooked rice samples were dried at 135˚C for 2 h after rice paste was made in a vinyl bag and was spread thin on aluminum foil. Concentrations of cadmium and other inorganic elements were calculated on a dry basis.
Results and Discussion
Cadmium concentration in raw rice Table 1 shows cadmium and other inorganic element concentrations in raw polished rice. Brown rice and half-polished rice are from sample No. 5. Commercially available rice usually contains about 15% moisture. Inorganic element concentrations are based on dry matter and therefore are higher than those on a fresh weight basis.
Changes in cadmium concentration in polished rice during cooking Table 2 shows changes in cadmium and other inorganic element concentrations in polished rice after washing and after cooking. No significant differences were seen after washing and after cooking, when rice was soaked using ion-exchanged water and cooked in the same soaking water (pϭ0.27 to 0.73). For this reason, cooking by ricecooker is omitted below. The sample was taken and analyzed at the step in which washing or soaking ended.
Changes in cadmium concentration by washing Figure 1 shows changes in cadmium and other inorganic element concentrations at different washing times. Changes in cadmium concentration were studied using sample No. 5, because highly cadmium-contaminated rice is of great general interest.
Inorganic elements were grouped into 3 by decreasing the proportion of concentration from brown rice to polished rice. The first group included Fe, Mg, K, P, and Mn whose concentration largely decreased to 25-40% that of brown rice. These elements were believed to be present primarily on the grain surface. The second group was Cu and Zn whose concentration was about 80% that of brown rice. The third group was Ca whose concentration fell between that of the first and second groups. Changes in cadmium concentration from brown to polished rice were less than in Cu and Zn, and the proportion of cadmium concentration in polished rice was about 94% that of brown rice. Asami (2001) stated that the decrease in cadmium concentration from brown to polished rice differed with the research group. Our result supports that of Onozuka et al. (2000) , who reported that the geometric mean of relative cadmium concentration of polished to brown rice was 0.91 and the arithmetic mean was 0.95, and that of Hasegawa et al. (1996) , who reported that the relative cadmium concentration in brown rice was 90% even in polished rice with a 65% yield.
In brown rice, cadmium and other inorganic elements except for Fe were eluted only slightly in washing, even if the number of washings was increased. The elution of inorganic elements from polished rice depended on the number of washings. Inorganic element concentration in polished rice greatly decreased by polishing was also decreased greatly by washing. Iron, Mg, K, P, and Mn were largely eluted from polished rice by the first wash- 
AverageϮS.D. (nϭ3).

Table 2.
Change of inorganic element concentrations in polished rice "Chiyonishiki" after washing and cooking AverageϮS.D.
a)
Ion-exchanged water was used in washing, soaking and cooking.
Samples were prepared independently 3 times. Each sample was measured by triplicate analysis.
ing, and continued to be eluted gradually after the second washing. After washing twice the relative concentration of Fe, Mg, K, P, and Mn in polished rice was 30-50% that of raw polished rice and 7-20% that of raw brown rice. Zinc and Cu were eluted from polished rice gradually depending on the number of washings. After washing twice, the concentration of Zn and Cu in polished rice was 80-90% that of raw polished rice and 65-70% that of raw brown rice. Cadmium concentration in polished rice was decreased less than that of Zn and Cu by washing, even if the number of times was increased. After washing twice, cadmium concentration was 96% that of raw polished rice and 90% that of raw brown rice from sample No. 5. The weight loss of rice is found mainly during washing, when bran and organic matter elute into water. Weight loss of polished rice in washing was 1.5-2.0% (Tsutsumi & Shimomura, 1978) . Hence, 94% of total cadmium in raw polished rice of sample No. 5 remained after cooking, compared to a 2% loss of polished rice (0.96ϫ0.98զ0.94). In polishing yielding 91%, 80% of total cadmium in raw brown rice remained after cooking (0.90ϫ0.91ϫ 0.98զ0.80).
Cadmium and other inorganic elements of half-polished rice were similar to those in polished rice.
Changes in cadmium concentration in soaking Figure 2 shows changes in cadmium and other inorganic element concentrations of Sample No. 5 in soaking after washing twice. Cadmium and other inorganic elements were eluted from brown, half-polished, and polished rice during soaking. Little Fe and Mg eluted from polished rice into the soaking water because a great deal had probably already eluted into the washing water. As shown in Table 2 , cadmium and inorganic elements in washed rice also remained after cooking when heated by an electric ricecooker using the same soaking water. The inorganic element concentration of cooked rice is thought to decrease in boiling with new water, although the decrease depends on the element and rice variety.
Examination of varieties Table 3 shows cadmium and other inorganic element concentrations in polished rice after washing and soaking for 1 h or 8 h. Concentration was changed the most by washing step. In washing and soaking, relative concentrations in raw rice varied with the inorganic element and slightly among rice varieties. Differences among varieties were attributed to the polishing characteristics depending on the grain size, shape, and hardness, and the number of broken kernels (Shindoh & Yasui, 1996) . Cadmium decreased less than other elements regardless of variety, with a concentration after washing and soaking of polished rice of about 95% that of raw polished rice on a dry basis. Taking into account the 2% weight loss of polished rice to washing water, about 93% of total cadmium in raw polished rice remained after cooking. 
